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Objectives To assess whether the flowcharts and discriminators of the Manchester Triage System (MTS) can be
used as indicators of alarming signs of serious febrile illness to predict the risk of hospitalization for febrile children
who present at the emergency department (ED).
Study design Observational study, which included 2455 children (<16 years) who came to the ED of a university
hospital with fever as their main complaint (May 2007-July 2009). Alarming signs for serious febrile illness were
matched with MTS flowcharts and discriminators. At triage, the percentage of alarming signs positive was calcu-
lated. The diagnostic ability of the percentage of alarming signs positive to identify children at risk of hospitalization
was assessed by calculating positive and negative likelihood ratios.
Results Thirty percent of children had at least 1 alarming sign positive at triage. Twenty-three percent were hos-
pitalized. Positive likelihood ratios of hospitalization were 5.0 (95% CI: 3.9-6.5) for children with >20% of alarming
signs positive at triage and 12.0 (95% CI: 5.2-27.6) for those with >40% of alarming signs positive. Negative likeli-
hood ratios were 0.8 (95% CI: 0.8-0.8) and 1.0 (95% CI: 0.9-1.0), respectively.
Conclusions By alternatively using the flowcharts and discriminators of the MTS as alarming signs, rather than
urgency classifiers, the MTS can function as a simple, readily available tool to identify febrile children at risk of hos-
pitalization early in the care process. This knowledgemay help to improve ED throughput times aswell as admission
and discharge management at pediatric EDs. (J Pediatr 2013;162:862-6).
P
ediatric emergency departments (EDs) are becoming more and more crowded.1 Febrile children constitute one of the
major patient groups at pediatric EDs and are at risk of serious illnesses, like meningitis, sepsis, or pneumonia.2,3 Prev-
alence of such infections ranges from about 7%-15%.2-5 Early detection of serious febrile illnesses is important, because
delaying or missing such diagnoses may lead to morbidity or even mortality and hospitalization is often required.6-8 Recently,
a systematic review has identified several alarming signs for serious illnesses in children with fever.2
Because the need for strategies to improve patient flows at pediatric EDs is growing, Asplin et al have proposed a conceptual
input-throughput-output model to find areas for improvement of ED work flows.9 One of the model’s suggestions is that if one
can already predict whether a patient will likely be admitted during the intake-phase (eg, triage), timeliness of admission to the
ward or discharge management can be improved.1,9
The Manchester Triage System (MTS)10,11 is implemented in a large scale and used to prioritize patients according to acu-
ity.3,12-16 The MTS contains flowcharts (presenting problem) and discriminators (other signs and symptoms) for triage of both
adult and pediatric patients and collects clinical information at the moment of arrival at the ED.
This study aimed to assess whether the flowcharts and discriminators of the MTS can be used as indicators of alarming signs
of serious febrile illness, rather than urgency classifiers alone, to predict the risk of hospitalization for febrile children who pres-
ent at the ED.ED Emergency department
IV Intravenous
MTS Manchester Triage System
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PVol. 162, No. 4  April 2013surgery, 10% other specialties).18 Eligible contacts were those
who had general pediatric problems and: (1) fever as the rea-
son for contact; (2) fever selected as triage discriminator;
or (3) a rectal temperature $38.5C measured at the ED.
Revisits for the same complaint within 7 days were excluded,
as were children who died at the ED.
All children who presented at the ED were routinely triaged
with the MTS. The MTS consists of 49 flowchart-diagrams
which represent main problems with which children present
to the ED (eg, ‘crying baby’ or ‘shortness of breath’). Each flow-
chart is built up of a specific combination of discriminators (ie,
signs and symptoms that often go hand-in-hand with the pre-
senting problem). Within each flowchart, the discriminators
are arranged from most urgent (U1, top) to least urgent (U5,
bottom) (Figure 1; available at www.jpeds.com). At triage,
trained nurses first have to select the most appropriate
flowchart for the child. Next, the patient’s urgency level is
assessed by selection of the most relevant discriminator,
starting from the top of the flowchart moving downwards.
For the purpose of this study, triage nurses also had to in-
dicate whether the other discriminators within the flowchart
were present or absent (‘triage remaining items’). In our hos-
pital, a modified version of the first edition of the MTS (of-
ficial Dutch translation)10 was used, which contained
several adjustments for triage of febrile children.19 Compli-
ance with triage was 97% (7311/7573). Inter-rater agreement
(agreement in triage urgency level if multiple nurses triage
one patient) and intra-rater agreement (agreement in triage
urgency level if 1 triage nurse triages 1 case scenario at differ-
ent time points) have been shown to be good for the MTS,
both at our own ED and other setting20,21 and were not influ-
enced by nurses’ work experience.21
Patient’s characteristics, selected flowchart, selected dis-
criminators, urgency category, and hospitalization were ex-
tracted from the computerized MTS. Medical records were
checked manually for children who missed 1 or more triage
remaining items (N = 262; 3.5%). For 47 (1.8%) patients,
some triage remaining items remained missing and were as-
sumed to be absent. Among all evaluated in the ED, 0.5% left
before being seen by a physician. These patients were not
followed up, because this number was very small and will
not have influenced our results.
Wematched alarming signs for serious illness, as identified
in a systematic review (positive likelihood ratio >5 or negative
likelihood ratio <0.2),2 with flowcharts and discriminators of
the MTS. Three flowcharts and 20 discriminators were con-
sidered as valid proxies for 14 alarming signs (Table I). The
alarming signs ‘child moaning,’ ‘crackles,’ and ‘decreased
breathing sounds’ could not be matched with any flowchart
or discriminator. Two alarming signs were excluded from
the analysis: ‘decreased skin elasticity’ was specific for only
gastro-enteritis with subsequent dehydration and ‘any
abnormal finding in history or physical examination’ we
found too unspecific for triage purposes.
Because every flowchart contains a unique combination of
discriminators, relevant for the presenting problem, the maxi-
mumnumber of alarming signs that couldhavebeen selected attriage of a child was dependent on the assigned flowchart and
ranged from 1-7. For example, in the flowchart ‘crying baby’
(Figure 1), 8 discriminators are valid proxies for 6 alarming
signs in total. To correct for the difference in the maximum
number of alarming signs between flowcharts, we calculated
the percentage of alarming signs positive at triage as follows:
ercentage of alarming signs positive ¼
number of alarming signs present at triage;
given the assigned flowchart
maximum number of alarming signs available
in the assigned flowchartThe primary outcome measure of this study was hospital-
ization. At our study ED, the admission policy was based on
medical indications only: (1) abnormal or threatened vital
signs; (2) requirement of intravenous (IV)-medication or
IV-fluids; or (3) failure to ingest medication (eg, need for
a nasogastric tube). To validate our assumption that hospi-
talization could be used as a proxy for serious febrile illness,
we evaluated the number of diagnostic and therapeutic inter-
ventions performed during hospital admission and the defi-
nite diagnosis in a random subsample of admitted children
(January 2008-July 2009; N = 356).
Statistical Analyses
Themajority of patients (77%) were assigned to flowcharts in
which the maximum number of alarming signs that could be
selected was 5 (flowcharts ‘general,’ ‘shortness of breath,’ and
‘vomiting and diarrhea’) or 7 (flowcharts ‘worried parent’
and ‘fits’). In our analyses, we, therefore, categorized the per-
centage of alarming signs positive as such that for children as-
signed to these flowcharts the categories corresponded with
‘no alarming signs positive at triage’ (0%; ‘none’), ‘1 alarm-
ing sign positive at triage’ (#20%, ‘low’), ‘2 alarming signs
positive at triage’ (#40%, ‘intermediate’), and ‘3 or more
alarming signs positive at triage’ (>40%, ‘high’).
Two-by-two contingency tables were constructed to show
the distribution of hospitalizations among the 4 percentage
groups. To determine the diagnostic value of the percentage
of alarming signs to assess the need for hospitalization, as if it
were a diagnostic test, we calculated sensitivity, specificity,
and positive and negative likelihood ratios with 95% CIs
(VassarStats Clinical Calculator; http://vassarstats.net/clin1.
html). To indicate a ‘positive’ and ‘negative’ test result, we di-
chotomized the percentage of alarming signs at the 3 cut-off
points: (1) >0% versus no alarming signs; (2) more than 20%
of alarming signs positive (>20% vs#20%); or (3) more than
40% of alarming signs positive (>40% vs #40%). For de-
scriptive statistics we used SPSS PASW statistics software
(v. 17.0.2; SPSS Inc, Chicago, Illinois).
Results
In total, 2455 (32%) of 7573 children were eligible for analyses
(Figure 2). No differences in age, sex, temperature, and
frequency of hospitalization were found between children863
Total number of  ED cases
N = 7573 (100%)
Flowchart known
N = 7311
Fever
N = 2766
Flowchart missing
N = 262
No fever
N = 4545
Revisits ≤7 days
N = 306
Died at ED after resuscitation
N = 5
Total number of cases included
N = 2455 (32%)
Figure 2. Selection of the study population.
Table I. Flowcharts and discriminators of the MTS as
proxies for alarming signs for serious illness2
Alarming sign for serious illness*
Flowchart or discriminator
of the MTS
Global assessment
Parental concern Flowchart ‘worried parent’
Child appears ill/clinical
impression/clinician instinct
something is wrong
Flowchart ‘unwell child’
Flowchart ‘irritable child’
Child behavior
Changed crying pattern/
Inconsolable child
Prolonged or uninterrupted crying
Inconsolable by parents
Not distractible
Child drowsy Altered conscious level
Responds to voice or pain only
Fails to react to parents
Child moaning -
Circulatory and respiratory features
Cyanosis Very low SaO2
Low SaO2
Poor peripheral circulation/
hypotension
Shock
Crackles -
Decreased breathing sounds -
Shortness of breath/rapid
breathing
Inadequate breathing
Stridor
Increased work of breathing
Unable to talk in sentences
Wheeze
Miscellaneous
Meningeal irritation Signs of meningism
Petechial rash Nonblanching rash
Purpura
Seizures Currently fitting
Unconsciousness Unresponsive child
Unresponsive
SaO2, percentage of available hemoglobin that is saturated with oxygen.
*Alarming signs “decreased skin elasticity” (gastroenteritis only) and “any abnormal finding in
history or physical examination” (unspecific) are excluded from the Table.
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262; data not shown). Patient’s and triage characteristics of
the study population are shown in Table II. Hospitalization
was required for 563 (23%) children. Main reasons for
hospitalization were: (1) a diagnosis of serious bacterial
infection (32%); (2) requirement of IV-medication/fluids or
oxygen/dose-aerosol treatment (42%); (3) failure of therapy
compliance at home (4%); (4) observation, awaiting
diagnostic test results (14%); and (5) other reasons (7%).
Eleven percent of children had a revisit for the same
complaint within 7 days. Hospitalization after a revisit
occurred in 77 (3%) of children.
Alarming Signs for Serious Illness and
Hospitalization
For 733 (30%) children, at least 1 alarming sign was selected
at triage. Among these, 544 (74%) had 1 alarming sign pos-
itive, 158 (22%) had 2, 20 (3%) had 3, 9 (1%) had 4, and 2
(0.3%) had 5. For children assigned to the 5 most commonly
used flowcharts, the relation between the percentage of
alarming signs positive and hospitalization is depicted in
Figure 3 (available at www.jpeds.com).
Table III shows the diagnostic performance of the
percentage of alarming signs positive, as if we would use it864as a diagnostic tool. The presence of more than 20%
alarming signs at triage showed a high specificity (>95%) for
hospitalization. The positive likelihood ratios for patients
with more than 20% and more than 40% of alarming signs
positive at triage indicate that hospitalization is 5 and 12
times as likely to be required for children in these groups
compared with those who had lower percentages. Negative
likelihood ratios were approximately one for all three cut-off
levels.
Discussion
Over the past years, much effort has been put into finding
alarming signs,which identify febrile childrenat riskofa serious
illness.2-4 This study showed that by alternatively using the
flowcharts and discriminators of the MTS, as indicators of
alarming signs rather than urgency classifiers, the system has
the potential to identify children at risk of hospitalization early
in theEDcareprocess.We found themajority of alarming signs
for serious illness to be represented in flowcharts or as discrim-
inators in the MTS. A percentage of alarming signs positive at
triage above 20% was useful for ‘ruling-in’ hospitalization
(high specificity and positive likelihood ratio). For children
with more than 40% of alarming signs positive the likelihood
of hospitalization was even higher, although this analysis was
based on small numbers. On the contrary, a low percentage
or absence of alarming signs was not helpful in excluding (‘rul-
ing-out’) hospitalization, as shown by the low sensitivities and
high negative likelihood ratios. These patients should still bevan Ierland et al
Table II. Patients’ and triage characteristics of the total
study population (N = 2455)
Male sex (N; %) 1423 (58)
Age in y (median; IQR) 2.2 (1.0-4.6)
Temperature in C (median; IQR) 38.9 (38.1-39.5)
MTS urgency (N; %)
Immediate 64 (3)
Very urgent 725 (30)
Urgent 1232 (50)
Standard 422 (17)
Nonurgent 12 (1)
MTS flowchart (N; %)
General 824 (34)
Shortness of breath in children 363 (15)
Worried parent 281 (11)
Vomiting and diarrhea 236 (10)
Fits 187 (8)
Urinary problems 78 (3)
Other flowcharts* 486 (20)
Hospitalization (N; %) 563 (23)
Sex: 1 missing value; Temperature: 83 missing values.
*Other flowcharts (n): abdominal pain in children (69), hematologic disorder (61), rashes (60),
unwell child (53), ear problems (50), throat ache (41), headache (41), crying baby (27), local
infection/abscess (15), neck pain (14), asthma (8), thoracic pain (8), irritable child (7), shortness
of breath (6), limping child (5), extremity problems (5), nose problems (3), back pain (3), abdom-
inal pain (2), foreign body (2), apparently drunk (2), strange behavior (1), gastro-intestinal
bleeding (1), severe trauma (1), unwell adult (1).
April 2013 ORIGINAL ARTICLESassessed with caution and one should look for other clinical
measures to judge their risk of serious illness.
In principal, triage systems have been developed to prior-
itize patients according to their acuity upon arrival at the ED.
Others have previously demonstrated that a high MTS ur-
gency level could not well discriminate between children
with or without serious bacterial infections.3,5 Both authors
explained this limited discriminative ability by the fact that
assessing a patient’s level of urgency is different from predict-
ing severity of illness or diagnosing a disease.3,5,22 In this
study, we focused on the more specific and detailed informa-
tion available in the MTS (ie, the presence of alarming signs
of serious febrile illness specifically instead of a high urgency
classification only), which resulted in a higher diagnostic
value to predict the need for hospitalization.
We certainly realize that the MTS may not be the most op-
timal tool for recognizing children at risk for hospitalization.
However, more sophisticated tools, such as computerized
decision support systems, often require additional clinical
characteristics not available from the triage assessment.23
Besides, such tools are scarce for general complaints such
as fever, because their development and implementation is
difficult and time-consuming.23,24Table III. Diagnostic performance of alarming signs for serio
Alarming signs
positive*
N (% of total
population)
Hospitalization
within group (%)
Sensit
(95%
None 1722 (70) 335 (19) -
>0%-20% 523 (21) 102 (20) 40.5 (36.
>20%-40% 178 (7) 101 (57) 22.4 (19.
>40% 32 (1) 25 (78) 4.4 (3.0
LR+, positive likelihood ratio; LR-, negative likelihood ratio.
* Cut-off levels for a ‘positive test’ to calculate sensitivity, specificity, and likelihood ratios:>0%: at le
triage versus #20%.>40%: >40% of alarming signs positive at triage versus #40%.
Alarming Signs in the Manchester Triage System: A Tool to IdentIn practice, the percentage of alarming signs can be auto-
matically calculated by the computerized MTS or by hand.
Next, the observed likelihood ratios can be applied to Bayes
nomogram25 to calculate the post-test probabilities of hos-
pitalization for febrile children at comparable ED settings.
For example, in a particular ED-setting with a pre-test
probability of hospitalization of 15%, the probability of
hospitalization will increase to 45% for a febrile child
with >20% of alarming signs positive and 70% in case
>40% of alarming signs are positive at triage (Figure 4;
available at www.jpeds.com).
Early identification of children at risk of hospitalization, as
a proxy for serious illness, may be useful in further prioritiz-
ing patients at the ED, accelerating the application of diag-
nostic or therapeutic interventions, or deciding to perform
interventions after the patient is first admitted to the in-
hospital ward.1,9 Before broad implementation in practice,
our findings should be validated in other settings where the
MTS is used for triage of febrile children. Subsequently, im-
pact studies must evaluate the improvement of throughput
and output flows of febrile children at the pediatric ED.
Our study population comprised a good case mix of nearly
2500 children, selected from a multicultural, inner-city ED
population. Even though in The Netherlands we have
a well-preserved primary care system (general practitioners),
which functions as a gatekeeper for specialist care, nearly
one-half of our ED population was self-referred.26 Therefore,
we think our results are likely to be generalizable to other
Western pediatric EDs with a case mix population of referred
and nonreferred children. Besides, hospital admission was
defined for medical indications only at our study ED. From
this perspective, the choice of being admitted is independent
of referral status or the prevalence of disease.
Selection bias seems unlikely, because compliance with tri-
age was high and general patients’ characteristics and hospi-
talization frequencies of children excluded because of missing
flowcharts were comparable with those of children included
in the study.
We only had information on revisits, which had taken
place at our study ED, even though in practice patients
may have visited other health care facilities subsequently. Be-
cause our study ED is the major pediatric emergency care fa-
cility of the Rotterdam district with 24/7 availability, we do
not expect to have missed many revisits.
Selection of alarming signs at triage was restricted by the
flowchart chosen. It might have been possible thatus illness positive at triage of febrile children (N = 2455)
ivity
CI)
Specificity
(95% CI) LR+ (95% CI) LR- (95% CI)
- - -
4-44.7) 73.3 (71.2-75.3) 1.5 (1.3-1.7) 0.8 (0.8-0.9)
1-26.1) 95.6 (94.5-96.4) 5.0 (3.9-6.5) 0.8 (0.8-0.8)
-6.6) 99.6 (99.2-99.8) 12.0 (5.2-27.6) 1.0 (0.9-1.0)
ast one alarming sign positive at triage versus none.>20%: >20% of alarming signs positive at
ify Febrile Children at Risk of Hospitalization 865
THE JOURNAL OF PEDIATRICS  www.jpeds.com Vol. 162, No. 4additional alarming signs were present at triage, which
could not have been selected because of the absence of these
discriminators in that particular flowchart. Because we pri-
marily focused on alternative use of the available content of
the MTS, rather than the exact number of alarming signs
present at triage, this will not have influenced our results
and its clinical implications.
Lastly, some alarming signs were strongly associated with
the outcome (eg, abnormal vital signs) and mainly applied
to children classified as ‘immediate (U1).’ Analyses without
this patient group resulted in comparable findings (data
not shown), which indicates that inclusion of these children
in our main analyses was of no major threat to the validity of
our results. n
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NO YESYES
YES
YES
Immediate
Airway compromise
Inadequate breathing*
Shock*
Unresponsive*
Signs of severe pain
Responds to voice or pain only*
Floppy
Purpura*
Non-blanching rash*
Hot child
History of unconsciousness
Inappropriate history
Inconsolable by parents*
Prolonged or uninterrupted crying*
Unable to feed
Signs of moderate pain
Warmth
Atypical behaviour
Recent signs of mild pain
Recent problem
Standard
Very urgent
Urgent
Non urgent
NO
NO
Figure 1. Example of the MTS flowchart ‘crying baby.’ Urgency categories and maximum waiting time: ‘immediate’: 0 minutes,
‘very urgent’: 10 minutes, ‘urgent’: 60 minutes, ‘standard’: 120 minutes, ‘non urgent’: 240 minutes. Eight discriminators (*)
function as a proxy for 6 alarming signs for serious illness. Reprinted with permission from the BMJ Publishing Group
(Mackway-Jones K, Manchester Triage Group. Emergency Triage, 1st edition. London: BMJ Publishing Group; 1997).
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Flowchart 'Fits' (N = 187)
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Figure 3. Hospitalization per percentage group of alarming signs positive at triage for the most commonly chosen flowcharts.
The intermediate and high percentage groups are displayed as one group because of small group numbers.
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Figure 4. Example of the calculation of post-test probabilities of hospitalization using Bayes nomogram.
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